INTRODUCTION
Consumer demand for beef relies on beef quality and consistency. Intramuscular fat (IMF) is one of the most important factors determining the quality grade of a carcass, and carcass yield grade is determined by subcutaneous fat (SCF; USDA, 1997) . Feeding practices are used to manage the yield and quality grade of a carcass (Fluharty et al., 2000; Myers et al., 1999) . We have demonstrated that steers weaned early and fed a high-energy diet from 100 to 250 d of age followed by normal management had higher marbling scores than conventionally weaned steers (Nayananjalie et al., 2015; Scheffler et al., 2014) . This suggests that early grain feeding causes metabolic imprinting, but the mechanism of action is unknown. Potential mechanisms include enhanced proliferation of preadipocytes and modulation of nutrient partitioning and utilization efficiencies. ABSTRACT: The objectives of this study were to assess the effects of early grain feeding on acetate and glucose turnover rates and acetate and glucose preference for palmitate synthesis by subcutaneous fat (SCF), intramuscular fat (IMF), and visceral fat (VF) in finishing steers. Sixteen Angus × Simmental steers were used in the study; 8 were early weaned (EW) and fed a high-grain diet immediately after weaning for 100 or 148 d, and 8 remained with their dams on pasture until weaning at 202 ± 5 or 253 ± 5 d of age. Normal weaned (NW) and EW animals were combined and grazed to 374 ± 5 or 393 ± 5 d of age, when they were placed on a corn silage-based finishing ration until they achieved a SCF thickness of 1.0 to 1.2 cm (494 ± 17 d of age for EW steers and 502 ± 12 d of age for NW steers). Immediately before harvest, steers were continuously infused for 12 h with [ 2 H 3 ] acetate (1.63 mmol/min; n = 8) or [U- 13 C 6 ] glucose (0.07 mmol/min; n = 8). Blood samples were collected before initiation of infusions and at the end of the infusion from 8 animals or at 1-h intervals for the first 11 h and at 15-min intervals for the last hour of infusion for the other 8 animals. Adipose tissue samples from SCF, IMF, and VF depots were collected at harvest, and lipids were extracted. Plasma enrichments of acetate and glucose and palmitate enrichment in each depot were used to calculate plasma turnover rates and fractional synthesis rates (FSR; % per h) of palmitate from each isotope. Early weaned steers had greater marbling scores compared to NW steers (P < 0.05). Plasma turnover rates and FSR for EW and NW steers were similar except for SCF, where a greater FSR from acetate was observed for EW steers. It is possible the greater FSR for SCF was due to harvesting the animals at a slightly more advanced stage of conditioning as evidenced by the trend for greater 12th rib fat (P = 0.07). Plasma acetate turnover and palmitate FSR from acetate were much greater (P < 0.05) than the corresponding rates from glucose, supporting the primary role of acetate as an energy source and the primary substrate for lipid synthesis across fat depots. However, FSR from acetate and glucose were not different among depots, suggesting that any potential effects of dietary starch on differential deposition of energy in SCF and IMF are not substrate driven.
◊
In ruminants, acetate and glucose are the major precursors used for biosynthesis of fatty acids, and previous in vitro work has demonstrated that intramuscular adipocytes prefer glucose and subcutaneous adipocytes prefer acetate as lipogenic substrates (Smith and Crouse, 1984) . However, this work has not been assessed in vivo. If such differential precursor preference exists in vivo, the metabolic imprinting could be causing a shift in such preference resulting in enhanced rates of fat deposition in IMF.
We hypothesized that early grain feeding enhanced fat synthesis rates in IMF and shifted preference for acetate and glucose among the different depots. The objectives of this study were to assess the effects of early grain feeding on acetate and glucose turnover rates, palmitate synthesis rates, and acetate and glucose preference by subcutaneous, intramuscular, and visceral adipose tissues in finishing steers.
MATERIALS AND METHODS

Experimental Animals, Diets, and Treatments
The Virginia Tech Animal Care and Use Committee approved all procedures. Eight fall-born (2009) and 8 spring-born (2010) Angus × Simmental steers were used in the study. Four steers were weaned at 105 ± 4 d of age from the fall group and another 4 from the spring group at 102 ± 5 d of age, placed in a feedlot, and group fed 0.9 kg of grass hay/d supplemented with ad libitum access to a grain mix for 148 and 100 d, respectively (early weaned [EW] ). The composition of the grain mix changed as the animals aged to match energy and protein requirements (see Table 1 for details). The remaining steers (normal weaned [NW] ; n = 8) stayed with their dams on pasture until weaning at 253 ± 5 d of age for the fall group and 202 ± 5 d of age for the spring group. Thereafter, treatment groups were combined and grazed predominantly tall fescue (Festuca arundinacea) with no grain supplementation until 393 ± 5 d of age for the fall group and 374 ± 5 d of age for the spring group. They were subsequently placed in the feedlot and fed a corn silage plus grain concentrate ration until harvest. The ration was 90% silage and 10% grain mix for the first 7 d, 75:25 for the next 14 d, 58:42 for the next 14 d, 42:58 for the next 14 d, and 25:75 from that point until slaughter (Table 1) .
Acetate and Glucose Infusions and Blood Sampling
Four animals from each treatment group were randomly assigned to receive labeled acetate infusions and the remaining 4 were infused with labeled glucose. On the day before harvest, 2 sterile polyurethane catheters (2.03 mm o.d. and 1.02 mm i.d.; Braintree Scientific Inc., Braintree, MA) were inserted into contralateral jugular veins of 4 steers from each treatment group. One catheter was used for isotope infusion and the other for frequent sampling. The remaining steers were fitted with a single catheter. Catheters were filled with heparinized saline (200 IU/mL) after insertion to prevent clotting.
Labeled acetate and glucose solutions were prepared on the day of infusion. Saline bags (500 mL 0.9% NaCl, United States Pharmacopeia grade; Hospira Inc., Lake Forest, IL) were emptied and [ 2 H 3 ] acetate or [U-13 C 6 ] glucose (99% enriched; Cambridge Isotope Laboratories, Inc., Andover, MA) was dissolved in the solution from a single bag and adjusted to a pH of 7.0. The resulting solution was sterile filtered (0.22 μm; Millipore Corporation, Billerica, MA) back into the saline bag using a peristaltic pump (Harvard Apparatus Co. Inc., Millis, MA). Steers were continuously infused with [ 2 H 3 ] acetate or [U-13 C 6 ] glucose for 12 h immediately preceding harvest at a rate of 1.63 mmol acetate/min or 0.07 mmol glucose/min in a volume of 40 mL/h using clinical infusion pumps (Abbott Laboratories, North Chicago, IL). Steers were confined to holding pens adjacent to the Virginia Tech meat science center (Blacksburg, VA) and fed tall fescue hay cubes during the infusion. 1 Early weaned calves were group fed 0.9 kg/d of grass hay plus ad libitum access to the grain mix from weaning to 253 ± 5 and 202 ± 5 d of age for fall and spring groups, respectively. Five grain mixes were fed to match nutrient supply with requirements. The Step 1 grain mix was fed until an average BW of 136 kg, the step 2 mix from 136 kg until 159 kg BW, the step 3 mix from 159 kg until 182 kg BW, the step 4 mix from 182 kg until 204 kg BW, and the step 5 mix from 204 kg until the animals were placed on pasture. ◊ Jugular blood samples (5 mL) were drawn using a heparinized syringe before initiation of infusions, at 1-h intervals for the first 11 h of infusion, and at 15-min intervals for the last 1 h of infusion from the 8 animals with 2 catheters and before and at the end of infusion for the remaining 8 animals with a single catheter. Catheters were filled with heparanized saline (20 IU/mL) between samplings. Blood samples were immediately transferred to tubes containing 125 IU of heparin, gently mixed by inversion, and placed on ice. Plasma were prepared by centrifugation at 1,200 × g for 10 min at 4°C and stored at -80°C until analysis.
Within 30 min of the end of the infusion, animals were harvested in the Virginia Tech meat laboratory (Blacksburg, VA) using normal slaughter procedures. Samples of LM (with SCF) posterior to the last rib were obtained. Subcutaneous fat was removed from the sample, and IMF was separated from muscle tissue using forceps. A sample of the visceral fat (VF) surrounding the kidney was also obtained. Tissue samples were frozen in liquid nitrogen immediately after dissection and stored at -80°C for subsequent analysis. In addition, HCW, rib eye area (REA), 12th rib fat thickness (BF), KPH percentage, and marbling scores were recorded.
Sample Analysis
Plasma Samples. To determine plasma acetate enrichments, 2-chloroethyl esters of acetate were prepared as described by Kristensen (2000) with minor modifications. Plasma (450 μL) was gravimetrically transferred into 100-by 16-mm screw-cap glass tubes. A volume of 750 μL 2-chloroethanol (Acros Organics, Fair Lawn, NJ) and 750 μL acetonitrile (Fisher Scientific, Fair Lawn, NJ) was added, and the sample was vortexed at low speed and centrifuged at 2,550 × g for 30 min at 4°C. The 2-chloroethyl esters were extracted in 100 μL chloroform (Fisher Scientific). Eighty microliters of the organic phase was transferred to an autosampler vial, and 1 μL was injected onto a gas chromatograph-mass spectrometer (GC-MS; Thermo PolarisQ in tandem with a Thermo Electron Focus GC; Thermo Scientific, Waltham, MA). The gas chromatograph was operated in split mode (split ratio 80) with an injection temperature of 225°C. The compounds were separated on a 30 m by 0.25 mm i.d. (with a 0.25-μm film) Factor FOUR VF170ms column (Varian Inc., Palo Alto, CA) at a constant helium flow of 1.2 mL/min. The column temperature was initially set at 75°C, ramped at 5°C/min to 135°C, and then ramped at 40°C/min to 225°C. The mass spectrometer was operated in selective ion monitoring (SIM) mode with positive electron ionization. Molecular ions of mass to charge ratios (m/z) of 43 (m+0) and 46 (m+3) were monitored to determine normal and enriched ion abundance, respectively. Peak detection and integration were conducted using the ICIS algorithm encoded in the XCalibur software (version 1.4; Thermo Scientific). Background isotope ratios determined from the samples collected before infusion were subtracted from all sample isotope ratios. Isotope ratios were converted to enrichment using a gravimetric standard curve prepared from mixtures of pure labeled and unlabeled acetate. All enrichments were expressed as atom percent excess (APE) relative to background natural abundance.
Plasma glucose was derivatized using the method described by Tserng and Kalhan (1983) . The resulting samples (1 μL) were analyzed by GC-MS (Thermo DSQ II in tandem with a Trace GC Ultra; Thermo Scientific). The gas chromatograph was operated in splitless mode with an injection temperature of 250°C. The compounds were separated on a 30 m by 0.25 mm i.d. (with a 0.25-µm film) Rtx-5 capillary column (Restek, Bellefonte, PA) at a constant helium flow of 1.2 mL/min. The column temperature was set at 80°C and held for 2 min followed by a 15°C/min ramp to 320°C and held at 320°C for 6 min. The mass spectrometer was operated in SIM mode with positive chemical ionization with a methane flow of 1.0 mL/min. Ions at m/z of 328 (m+0) and 334 (m+6) were monitored for abundance. Peak detection and area integration were conducted using the Genesis algorithm encoded in the XCalibur software (version 2.1; Thermo Scientific). Isotope ratios were calculated and corrected for background and converted to APE as described for acetate.
Adipose Tissue Samples. Lipid was extracted from the adipose tissue samples according to the procedure of Hara and Radin (1978) using 3 mL of hexane:isopropanol (3:2, vol/vol) solution per 100 to 150 mg of adipose tissue sample plus 2 mL of 0.48 M Na 2 SO 4 . The lipid phase was separated and used to prepare fatty acid methyl esters (FAME) as described by Christie (1982) with modifications described by Chouinard et al. (1999) . The FAME were subjected to GC-MS analyses as described by Notter et al. (2008) with minor modifications. Briefly, 1 μL of FAME solution from acetate-infused animals was injected into a GC-MS (Thermo DSQ II in tandem with a Trace GC Ultra; Thermo Scientific). The gas chromatograph was operated in split mode (split ratio 50) with an injection temperature of 250°C. Separation was achieved using a 30 m by 0.25 mm i.d. (0.25 µm film) Rtx-5 capillary column (Restek) with a constant helium flow of 1.0 mL/ min. The initial column temperature was 120°C and held for 1 min followed by a 5°C/min ramp to 240°C and held for 5 min. The mass spectrometer was configured for SIM in positive chemical ionization mode, with a methane flow of 2.5 mL/min. Ions of m/z 271 (m+0) and 272 (m+1) in the palmitate peak were monitored.
◊
The palmitate peak was verified using a pure unlabeled palmitate standard. We also attempted to look at incorporation of label into myristic acid, but the abundance of that fatty acid was low and, therefore, the results were unreliable. Peak detection and area integration were as described above. The average of background isotope ratios for tissue samples collected from an uninfused animal was subtracted from sample enrichment to correct for background enrichment and obtain atom excess. Atom excess was expressed as a percentage (APE).
The FAME solutions (1 μL) from glucose infused animals were analyzed using a gas chromatographcombustion-isotope ratio mass spectrometer (Trace GC Ultra coupled to a Delta V Advantage Isotope Ratio Mass Spectrometer; Thermo Scientific). The gas chromatograph was operated in split mode (split ratio of 100) with an injection temperature of 250°C. Separation was achieved using a 30 m by 0.25 mm i.d. (0.25-µm film) DB-5 capillary column (Agilent Technologies Inc., Santa Clara, CA) with a constant helium flow of 1.0 mL/min. The initial column temperature was 120°C, which was held for 1 min followed by a 5°C/min ramp to 240°C and held for 5 min. After separation, fatty acids were combusted at 1,000°C. The ionized CO2 molecular ions of m/z 44 (m+0) and 45 (m+1) were monitored. The palmitate peak was identified using a pure unlabeled palmitate standard. Data were processed using the IsoDat software (version 3.0; Thermo Scientific). The δ 13 C ‰ value was calculated using the observed 13C:12C ratios for samples and the international standard Pee Dee Belemnite (R PBD ) = 0.0112372. Atom percent excess was calculated as described by Schierbeek et al. (2012) .
Deoxyribonucleic acid was extracted from the adipose tissue samples in duplicate using the DNeasy blood and tissue kit (catalog number 69504; Qiagen, Valencia, CA) following the manufacturer's guidelines (Pasarica et al., 2008) . Deoxyribonucleic acid concentration and purity in each tissue sample was determined spectrophotometrically (NanoDrop 3300; Thermo Scientific) with absorbances at 260 and 280 nm. Recovery of DNA was calculated by adding known DNA concentrations to the tissue samples, and it was observed to be 83%. The observed recovery was used to adjust all observed values. The CV for duplicates was 12%.
Calculations and Statistical Analysis
Acetate and glucose turnover rates were calculated from the infusion rates and APE at steady state (Wolfe, 1984) Fractional synthesis rates (FSR) of palmitate in each depot were calculated using the precursorproduct method (Burd et al., 2011) : FSR (% per h) = (liquid-bound palmitate APE × 100)/[blood acetate or glucose APE × infusion time (h)].
Statistical analyses were conducted using the GLIMMIX procedure of SAS (version 9.2; SAS Inst. Inc., Cary, NC) and statistical significance declared at P < 0.05. Initially, season and sire and their interactions with other main effects were tested. If not significant, they were removed from the model unless otherwise specified. The effect of treatment on ADG, BW, feedlot feed intake, HCW, BF, REA, KPH percentage, yield grade, and marbling scores were analyzed using the following model. Hot carcass weight was used as a covariate in the analysis of REA:
in which Y ijk = ADG, BW, feedlot feed intake, HCW, BF, REA, KPH, yield grade, or marbling scores; μ = mean ADG, BW, feedlot feed intake, HCW, BF, REA, KPH, yield grade, or marbling scores; T i = fixed effect of treatment i (i = 1, 2); and e ij = random error.
Levene's test for homogeneity of treatment group variance (SAS) indicated that plasma glucose and acetate turnover rates were homogenous, and analyzing by metabolite yielded the same statistical interpretation; therefore, they were analyzed using the following combined model to allow a test of differences between metabolites:
in which Y ijk = turnover rate, μ = mean turnover rate, T i = fixed effect of treatment i, M j = fixed effect of metabolite j, (T × M) ij = fixed interactive effect between treatment and metabolite, A (ij)k = random effect of animal, and e ijk = random error.
Deoxyribonucleic acid concentrations were analyzed using following model:
in which Y ijk = DNA concentration, μ = mean DNA concentration, T i = fixed effect of treatment i, A (i)j = random effect of animal, S k = fixed effect of site k, (T × S) ik = fixed interactive effect between treatment and site, and e ijk = random error.
Fractional synthesis data were analyzed using the following model:
in which Y ijkl = FSR; μ = mean FSR; T i = fixed effect of treatment i; M j = fixed effect of metabolite j; (T × M) ij = fixed interactive effect between treatment and metabolite; A (ij)k = random effect of animal; S l = fixed effect of site l; (T × S) il = fixed interactive effect of treatment and site; (M × S) jl = fixed interactive effect of metabolite and site; (T × M × S) ijl = fixed interactive effect among treatment, metabolite, and site; and e ijkl = random error. Fractional synthesis rates were treated as repeated measures across tissues within an animal. As the residual variance was found to be heterogenous across tissues, it was modeled using the heterogenous compound symmetry option. Residual variance by metabolite was also found to be heterogenous and accommodated using the group option in the repeated statement.
Deoxyribonucleic acid concentrations were tested as a covariate for FSR analysis but was found to be nonsignificant and, therefore, excluded from the model. 
RESULTS AND DISCUSSION
Early weaned steers had greater ADG during the early grain feeding period than NW steers (P < 0.01), whereas ADG during the grazing and feedlot periods were similar between treatment groups ( Table 2 ). The increased rate of gain in the early grain feeding period was enough to confer an overall greater ADG from the time of early weaning to harvest for the EW steers (P < 0.01). Although BW was significantly greater for the EW treatment group at the time of normal weaning (P = 0.02), BW at the end of the grazing period and BW and HCW at harvest were not significantly different between treatments. Although REA, KPH, and yield grades were similar between the treatment groups, EW steers had greater marbling scores (P = 0.04) and had a trend for increased BF (P = 0.07).
Plasma acetate reached a steady state enrichment of approximately 25% APE (Fig. 1) whereas plasma glucose reached a steady state enrichment of 1% APE (Fig. 2) . Enrichment of both acetate and glucose reached a plateau about 3 h postinfusion, which is consistent with previous observations in sheep and steers (Dunshea et al., 1992; Greathead et al., 2001 ). However, APE for glucose was more variable during the last 2 h of infusion, which likely reflects some disruption of the animals when personnel arrived to prepare for harvest. As the enrichments achieved in the ◊ first hour of the infusion were very close to the eventual plateau values, the error in estimating FSR associated with assuming plateau enrichment for the entire infusion will be small. The current enrichment curves could be used to calculate a priming dose for future work to further reduce the minor error in the first hour.
Although plasma acetate turnover rates were greater than glucose rates, there were no treatment effects or interactions between treatment and metabolite on turnover rates (P > 0.05; Fig. 3 ), and therefore, the small bias created through the lack of a priming dose does not affect estimates of treatment differences. Acetate turnover was 0.07 mmol•MBW -1 •min -1 , which was greater than the glucose turnover rate of 0.04 mmol•MBW -1 •min -1 (P = 0.04), reflecting the greater contribution of acetate, on a molar basis, to energy metabolism. Al-Mamun et al. (2010) observed acetate and glucose turnover rates of 0.10 and 0.03 mmol•MBW -1 •min -1 when using a primed continuous infusion in sheep kept in a thermoneutral environment and fed high-forage diets. The observed glucose turnover rates were fairly close to the glucose turnover rate of 0.03 mmol•MBW -1 •min -1 observed by Sano et al. (2007) in sheep fed high-energy diets. Our somewhat greater glucose turnover rates might reflect the expectation of greater glucose turnover in ruminants fed grain-based diets than those fed forage-based diets. The observed numerical differences in acetate turnover rates (P = 0.26) between the treatment groups were consistent with the significant reduction in acetate appearance rates for EW steers observed when conducting an acetate challenge test at harvest (Nayananjalie et al., 2015) . Because the 2 groups were fed the same diet for at least 120 d and feed intake was not significantly different, the observed differences suggest a possible shift in gut microflora activity or changes in animal physiology contributing either to a change in tissue release of acetate or a change in gut morphology or function leading to a shift in gut microflora (see Nayananjalie et al. [2015] for further discussion). 
◊
There was no interaction between treatment and site for DNA concentrations (Fig. 4) . Deoxyribonucleic acid concentrations were not significantly different between treatments, but IMF had the greatest DNA concentrations (142 ± 4.8 ng/mg of tissue) and VF had the least (78 ± 4.8 ng/mg of tissue). Smith and Crouse (1984) reported that intramuscular adipocytes were smaller than subcutaneous adipocytes and hence IMF tended to have greater number of cells per gram tissue compared to SCF, which is consistent with our results. However, there could also be differences in connective tissue among the depots, which would also contribute to differences in DNA content across tissue sites.
There were no significant interactions among treatment, infusate, or site for palmitate FSR, but there were weak trends for interactions between treatment and site (P < 0.20) and for the 3-way interaction (P < 0.19; Table 3 ). The first is reflected in a significant difference among treatments for acetate FSR in SCF with EW animals having a greater FSR from acetate. The remaining sites had no differences in FSR from acetate and none of the sites had detectable differences in FSR from glucose. It is possible that the increased SCF FSR from acetate for the EW animals was due to harvesting the animals at a slightly greater BF (P = 0.07) and, therefore, stage of maturity. If true, this would suggest that the SCF is the last depot to fill given no differences in FSR for the other 2 depots. Regardless of depot, FSR from acetate was more than 13 times greater (0.27 ± 0.058%/h) than from glucose (0.021 ± 0.0030%/h; P = 0.001), clearly indicating a strong preference for acetate as a precursor for de novo fat synthesis across depots. These observations are consistent with several previous in vitro reports (Hanson and Ballard, 1967; Lee et al., 2000; Song et al., 2001) . Smith and Crouse (1984) concluded that intramuscular adipocytes prefer glucose as a substrate for fat synthesis whereas subcutaneous adipocytes prefer acetate. They observed a ratio of acetate incorporation into fatty acids to glucose incorporation of 0.3 in IMF, whereas it was 33 in SCF. Lee et al. (2000) reported in vitro incorporation ratios into subcutaneous and intramuscular adipose tissues of 1.61 and 1.23, respectively, for Hanwoo steers, and Song et al. (2001) observed ratios of 1.25 and 1.27, respectively, for the same breed. However, there was no evidence of differential preference by IMF, SCF, or VF in the current study (P > 0.35; Table 3 ). The ratios were 13.8 for IMF and 10.5 for SCF (calculated from the least square means), which is quite different from the Smith and Crouse (1984) observations and much greater than the other 2 in vitro studies. Smith and Crouse (1984) and Song et al. (2001) used 5 mM media concentrations of acetate and glucose, whereas Lee et al. (2000) used 2.5 and 5 mM acetate and glucose, respectively. Plasma concentrations of glucose in steers weighing 600 kg were reported to range from 3.5 to 5 mM (Matsuzaki et al., 1997) and plasma acetate concentrations of 1.9 mM was observed by Nayananjalie et al. (2015) . Therefore, glucose concentrations in the in vitro studies were consistent, but acetate was greater for 2 of the in vitro studies. Given the huge range in preference observed for those 2 studies and the fact that neither matches the in vivo FSR herein, it seems unlikely that acetate concentrations were responsible for the differences. There was some difference in age at slaughter between steers used by Smith and Crouse (1984) and those used in the other 2 studies. Miller et al. (1991) suggested lipid metabolism may be unique to each adipose tissue and differences could be observed with different breeds. This may be one of the reasons for various responses at different experimental stations. Matsuzaki et al. (1997) reported plasma insulin concentrations in steers increased with increasing BW, and at 8 mo of age, they observed concentrations of 5, 2, and 3 ng/mL for Japanese Black, Japanese Brown, and Holstein breeds, respectively. Nayananjalie et al. (2015) observed 0.57 ng/mL at harvest weight for steers subjected to the same treatments used herein. The in vitro studies used varied concentrations that ranged from in vivo (1 [Smith and Crouse, 1984] and 10 ng/mL [Song et al., 2001] ) to much greater than in vivo (1.60 μg/mL [Lee et al., 2000] ), and the observed differences in substrate preference do not seem to correlate with the deviations from in vivo. An additional challenge with the in vitro system is that tissues are in a net catabolic state, which may underestimate lipogenesis (Greathead et al., 2001) and possibly skew the ratios.
Because early grain feeding did not affect palmitate FSR in IMF, this does not explain the carryover effect on marbling. Therefore, the mechanism behind the higher marbling in the metabolically imprinted group may be due to establishment of a larger population of undifferentiated cells during the early grain feeding period, which is retained until the finishing period. Vernon (1980) reported that the development order for fat depots was visceral followed by intermuscular fat, SCF, and IMF. It is possible that differences in fat synthesis existed earlier and dissipated as the animal reached the end of the grain feeding period. Because tissues were obtained at harvest and animals were at a stage where all 3 depots had filled, this might be the reason for similar FSR across the depots. Given the relatively greater cost of grain than forage, it is of economic interest to assess the grain and economic costs of the EW feeding strategy as compared to conventional programs. Approximately 600 kg of grain/steer was fed to EW steers during the 100-d early grain feeding period (considering only 100 d of intake for the fall group). Feedlot consumption was 1,006 ± 60 and 965 ± 60 kg of grain/steer for NW and EW groups, respectively. Therefore, total grain consumption for the EW group was 1,565 kg/steer (assuming a 100-d early grain feeding period), which is 560 kg more than fed to NW steers. Based on grain and meat prices in the fall of 2013, the average grain cost/animal was greater for EW (US$807 for EW and $652 for NW). Early weaned steers had greater carcass weight and marbling scores; therefore, carcass value (per animal) was greater ($1,044 for EW and $905 for NW). However, the added carcass value was not adequate to cover the cost of additional grain feeding.
At this point, it is not clear how long the animals must be fed the high-grain ration during the early weaning period to confer the marbling effect. If it is possible to achieve the imprinting with 40 or 50 d of grain feeding, the added carcass value would be adequate to cover the additional grain cost and return a profit. The lack of a preference for glucose or acetate across depots also suggests that the form of energy provided for lipid synthesis is not important from a substrate point. If true, high carcass quality potentially can be achieved with low-starch rations, thus making better use of higher fiber byproduct feeds, reducing the competition for human edible food, and allowing the beef industry to play an even greater role in meeting future human food needs by converting inedible feedstuffs into a highly nutritious product. However, lipid synthesis and deposition are also controlled by hormonal action (Vernon, 1980) , and therefore, differential use of substrate across the depots driven by hormonal responses to diet type could be the primary driving factor.
In conclusion, early grain feeding does not affect acetate or glucose turnover nor does it appear to affect fat de novo synthesis rates at harvest. Acetate turnover is greater than that of glucose turnover and FSR is greater from acetate than from glucose. However, there were no differences in preference for acetate over glucose by IMF, SCF, or VF. All 3 tissue beds greatly prefer acetate for de novo fat synthesis.
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